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The T box and S box transcription termination control systems. 

Frank J. Grundy, Wade C. Winkler, Brooke A. Murphy, Sean M. Rollins and Tina M. Henkin* 

Department of Microbiology, The Ohio State University, Columbus, OH 43210 USA 
Phone: (614)688-3831 FAX: (614)292-8120 e-mail: henkin.3@osu.edu 

Expression of variety of aminoacyl-tRN A synthetase, amino acid biosynthesis and amino acid 
transporter genes in Gram-positive bacteria is controlled at the level of premature termination of 
transcription. Two different transcription termination control systems, the T box and S box systems, 
have been identified in our laboratory, each of which is characterized by the presence of a different set of 
conserved primary sequence and structural elements in the mRNA leader region of the regulated genes, 
upstream of the start of the coding sequence (1, 2, 3). This region includes a transcriptional terminator, 
readthrough of which is required for expression of the downstream genes, and a competing antiterminator, 
formation of which prevents termination of transcription (Fig. 1). The S box leaders also contain an 
additional element that competes with the antiterminator, and functions as an anti-antiterminator. 
Mutations that disrupt conserved sequence or structural elements in T box leaders generally result in loss 
of readthrough, while mutations in conserved elements in S box leaders result in high level constitutive 
expression, indicating that the two systems are mechanistically very different. 

The T box system is used to regulate genes in multiple amino acid classes; individual genes in 
this group respond to the charging ratio of the cognate tRNA. For example, the model Bacillus subtilis 
tyrS gene, encoding tyrosyl-tRNA synthetase, is induced under conditions that result in accumulation of 
uncharged tyrosyl-tRNA, but does not respond to decreased charging of noncognate tRNAs (1,2). The 
specificity of the response is dictated by two base-pairing interactions between the tRNA and the leader 
RNA: the anticodon of the tRNA pairs with a precisely placed triplet in the leader (the "specifier 
sequence"), and the acceptor end of the tRNA pairs with 4 nt of the internal bulge of the antiterminator. 
In contrast, the S box system is specific to genes involved in methionine metabolism, and all 
transcriptional units in this group respond in concert to limitation for methionine, although it it not yet 
known whether methionine acts directly as the effector (3). 

We have identified over 200 T box leaders in the genomes of a variety of Gram-positive bacteria 
(including a number of pathogenic species), as well as isolated examples in Gram-negative organisms. 
The S box system is found in a smaller group of organisms; methionine genes in organisms such as 
Streptococcus and Enterococcus are regulated by the T box system, suggesting that the two mechanisms 
represent alternate solutions to a common regulatory problem. These large data sets provide new 
information about features that vary in particular sets of genes. Some of this variability is organism- 
specific, while other features of T box leaders vary according to the amino acid specificity of the leader. 
One interesting element is the GA motif, which is found in both T box and S box leaders (4); mutations 
disrupting this element in the B. subtilis tyrS gene, a T box gene, result in loss of readthrough, while 
mutations in this element in the B. subtilis yitJ gene, a member of the S box family, results in loss of 
repression by methionine. We are currently focusing on further elucidation of the mechanism of 
transcription termination control in both systems, and identification of additional factors that participate in 
these regulatory systems. 
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